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0 Electrical connector having improved characteristics for retaining leads to the connector housing 
and method of making the electrical connector. 



© An electrical connector (2) intended for mounting 
on a printed circuit board (6) has an insulating body 
(20) and leads (12) extending from the body. Each 
lead (12) has an integral spring portion and an end 
portion (50). The insulating body (20) has an aligning 
or locating stop (66) and the lead (12) adjacent to its 
end is biased against the locating stop by the in- 
tegral spring. The locating stop (66) thus ensures 
that the extreme ends (14) of the leads will be in 
aligned coplanar relationship. The leads are also 
formed with an integral spring which spring biases 
the lead portions against the stop means and spring 
biases a retention barb (84) further into retentive 
condition. ^ 12 
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ELECTRICAL CONNECTOR HAVING IMPROVED CHARACTERISTICS FOR RETAINING LEADS TO THE 
CONNECTOR HOUSING AND METHOD OF MAKING THE ELECTRICAI CONNECTOR 



This invention relates to electrical connectors 
which are intended for mounting on printed circuit 
boards and more particularly to improvement to the 
retention of the leads to the connector body. 

It is typical for electrical connectors which are 
mounted on printed circuit boards to include elec- 
trical terminals, where the lead portion of the termi- 
nal extends horizontally over the housing, or 
through the housing to a position where the termi- 
nal is bent over a mandel which is integral with the 
housing. This bending forms a vertical portion of 
the terminal extending towards the suface of the 
printed circuit board. This could be of either type, 
through hole mount or surface mount. The housing 
and the terminals require some cooperation in or- 
der for the terminals to be retained to the housing. 
This retention is required for precise alignment with 
traces on the printed circuit board; with the through 
holes in the case of such mounting, or with termi- 
nal pads on the upper surface of the printed circuit 
in the event of surface mount connectors. Much 
devotion has been given to such retention features 
as evidenced by U.S. Patent 4,697,864. 

One such method for retaining terminals to the 
housing is to include barbs on the terminals, and 
channels integral with the housing for receipt of the 
barbs in the channels in an interfering fit. Such a 
connector is shown in U.S. Patent 4,210,376 as 
having a plurality of electrical terminal portions for 
interconnection to printed circuit board through 
holes. The terminal portions of the connector are 
arranged in two spaced apart rows along the back 
side of the housing to position the lead ends into 
two staggered rows of terminals. This connector is 
also available in a surface mount version where the 
lead ends are bent upwardly for contact on the 
surface of the printed circuit board rather than 
through a hole in the printed circuit board. 

One problem which exists with such barbs is 
that a force on the lead portion of the terminals 
results in the barbs, and the associated leads, 
backing out of the channel through the same path 
which it formed during entry. This drawback is 
more predominant in the event of a surface mount 
connector where a reaction force is exerted on the 
surface mount contact due to the resilience of the 
contact when the connector is placed on the print- 
ed circuit board, yet prior to the soldering of the 
contact portion to the terminal pad. This biasing 
force can cause the lead portions to pop out of the 
channels while attempting to position the connector 
on the printed circuit boards, which causes undue 
difficulty in managing and positioning the lead ends 
relative to the pads on the printed circuit boards. 



The present invention is directed to the 
achievement of a retention feature for printed cir- 
cuit board mounted connectors which satisfy the 
requirements discussed above. 
5 It is an object of the invention to design a 

connector having improved retention of the lead 
ends of the terminals to the housing. 

To comply with the object of the invention, the 
terminals include retention means for retaining the 
70 terminals against the housing where the retention 
means is provided by the inclusion of integral 
spring portions with the terminal means, and the 
terminals further including retention portions which 
cooperate with the insulative housing, the spring 
75 portions biasing the retention portions into further 
retentive condition. 

The retention means are provided by providing 
at least one channel on one face of the connector 
and by providing at least one retention barb on a 
20 portion of the lead means. The lead means is bent 
over a first mandrel to dispose the lead means in a 
position adjacent to the channel. Finally, the portion 
of the lead means carrying the bar is moved into 
the channel where the barbs interferingly retain the 
25 lead means to the housing. 

In the accompanying drawings: 
FIGURE 1 is a cross sectional view of a 
connector which is spaced from the mounting sur- 
face of a circuit board. 
30 ' FIGURE 2 is a side view showing the con- 

nector mounted on the circuit board. 

FIGURE 3 is an enlarged fragmentary view 
showing details of a mounting lead and illustrating 
the manner in which the leads are maintained in 
35 coplanar relationship. 

FIGURE 4 is a perspective view showing the 
connector mounted on the circuit board. 

FIGURE 5 is a plan view of a lead frame 
which contains a plurality of connector conductors 
40 which are assembled to a connector housing in the 
manner shown in Figures 6 and 7. 

FIGURE 5A is an enlarged view of the reten- 
tion barb which is located on the terminal. 

FIGURES 6 and 7 are sectional side views of 
45 a connector housing which illustrate the manner of 
assembling the connector conductors to the con- 
nector housing. 

FIGURE 8 is a view similar to Figure 3 but 
showing an alternative embodiment, 
so FIGURE 9A is an isometric view of the hous- 

ing partially broken away to show the internal char- 
acteristics of the housing. 
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FIGURE 9B is a view similar to that of FIG- 
URE 9A showing an alternative embodiment of the 
housing. 

Figure 1 shows an electrical connector 2 which 
is positioned above the mounting surface 4 of a 
circuit board 6 in preparation for mounting of the 
connector on the circuit board. The connector 
shown is of the general type described fully in US 
Patent 4,210,376 which is hereby incorporated by 
reference in its entirety. The connector shown in 
the drawing is specially adapted for surface mount 
applications to printed circuit boards; however, the 
following discussion will indicate that the invention 
is suitable for use with surface mount or through 
hole leads. The general features of the connector 
will be described only briefly and to the extent 
necessary for an understanding of the present in- 
vention. Those features of the conductors and 
leads which pertain to the instant invention will be 
described in detail. 

The mounting surface 4 of the circuit board 6 
has circuit board conductors 8 thereon which ex- 
tend to terminal pads 10. The housing 20 of the 
connector has integral mounting posts 16 which are 
received in holes 18 in the circuit board. The ends 
50 of the leads which extend from the connector 
housing have contact portions 14 which are in- 
tended to be connected by soldering to the termi- 
nal pads 10. The connector is assembled to the 
circuit board by moving it downwardly from the 
position shown in Figure 1 to the position shown in 
Figures 2 and 4 so that the mounting posts 16 
enter the holes 18 and the contact portions 14 of 
the lead 50 are located against the terminal pads 
10. The terminal pads 10 are coated with a viscous 
solder composition which can be reflowed to estab- 
lish a bond between the contact portions 14 and 
the terminal pads 10. 

Successful execution of surface mounting pro- 
cesses requires that the contact portions 14 be 
against the terminal pads 10 when the soldering 
process is carried out and preferably these contact 
portions should be resiliently biased against the 
terminal pads with a force sufficient to ensure good 
electrical contact when the solder is reflowed. The 
structural features of the leads and the connector 
housing which achieve these objects are described 
in detail below. 

As shown in Figure 1, the connector 2 com- 
prises an insulating housing 20 having a downwar- 
dly facing, as viewed in the drawing, mounting 
surface 22, a rear side surface 24 which extends 
transversely of the mounting surface, a mating face 
26, (Figure 4) oppositely facing external end walls 
28, (Figure 4) and an external top wall 30. A plug 
receiving opening 32 extends inwardly from the 
mating face 26 and is dimensioned to receive a 



standard modular plug , of the type used in tele- 
phone and other electronic circuits. 

The housing contains a plurality of sheet metal 
conductors 34 which are manufactured by stamp- 

5 ing and forming, and are originally configured as a 
lead frame, as shown in Figure 5. Each lead frame 
contains the number of individual sheet metal con- 
ductors 34 which are required for an individual 
housing. The conductors 34 are integral at their 

w ends with spaced apart carrier strips 38, 40 which 
are sheared from the ends of the conductors when 
the conductors are assembled to the connector 
housing as described below. As shown in Figure 5, 
each conductor 34 has a spring arm contact por- 

75 tion 42, an intermediate portion 44 which is located 
on the top wall 30 of the housing, and a lead 
portion 12. Each of the lead portions 12 comprises 
an adjacent portion 46, an intermediate portion 48, 
and an end portion 50. The adjacent portion 46 is 

20 adjacent to the side surface 24; the intermediate 
portion 48 is formed into a spring as will be de- 
scribed below, and the end portion 50 extends 
away from the side 24 of the housing and has the 
contact portion 14 on its extreme end. Barbs 37 are 

25 provided on the portions 44 of the conductors to 
anchor the conductors in shallow channels which 
extend inwardly on the housing top wall to secure 
them in place. Barbs 84 are included on the inter- 
mediate portions 48 to anchor the terminals to the 

30 rear side wall 24. The barbs are shown in greater 
detail in Figure 5A as including individual teeth 
which allow easy entry into the channels, and 
which lock the terminals within the channels once 
inserted. 

35 As shown in Figure 9A, the rear side surface 

24 includes a plurality of upstanding walls 100 
extending outwardly therefrom which form between 
them, upright channels for receipt of the terminals. 
Each of the walls includes raised surfaces 104 and 

40 106, and recessed surfaces 108, which will be 
described more fully herein. However, it should be 
noted that the raised surfaces 104 and 106, of two 
adjacent walls, face each other to form constricted 
passageways, while the surfaces 108 face each 

45 other, but provide a larger spacing therebetween. 

in addition to the walls 100, the rear side 
surface 24 of the housing has first and second 
spaced apart flanges 52, 54 extending therefrom in 
a parallel manner relative to the board. Each of the 

so flanges is integral with, and extends between two of 
the adjacent walls 100. The first flange 52 is adja- 
cent to the mounting surface 22 while the second 
flange 54 is spaced from the mounting surface. 
The two spaced apart flanges 52 and 54, in com- 

55 bination with the two walls 100 form individual 
recesses 60 between the walls 100. As shown in 
Figure 3, each of the recesses 60 has opposed first 
and second recess surfaces 62, 64 which are proxi- 
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mate to, and spaced from, the mounting surface 
respectively. The first flange 52 has a first lip 66 at 
its mouth end, while the second flange has a 
second lip 68 at its mouth end. The first and 
second lips are at the lower and upper ends, re- 
spectively, of the channels which are provided in 
the first and second flanges. 

Referring now to Figures 5-7, when the con- 
nector conductors 34 are assembled to the connec- 
tor housing; the carrier strip 40 is severed from the 
lead frame and the spring contact portions 42 are 
bent normally of the intermediate portions 44. The 
contact portions 42 are then moved downwardly 
through spaced apart openings 43 in the top wall 
30 of the housing and the intermediate portions 44 
can be moved into the shallow channels in the top 
wall. The lead portions 12 comprising terminal sec- 
tions 46, 48, and 50 will then extend rearwardly 
beyond the back wall 24 of the housing. These 
lead portions are then bent downwardly and are 
positioned in the channels between adjacent walls 
100, and adjacent to first and second lip portions 
66, 68 of flange 52, 54, as shown in Figure 7. 
Conveniently, when the terminal lead sections are 
in the position shown in Figure 7, the barbs 84 will 
skive into the surfaces 108 (Figure 9 A) of the walls 
100, to secure them in place prior to the final 
forming operation. A forming tool 70 is then moved 
against the intermediate portions 48 of the leads 
and serves to tuck these portions into the individual 
recesses 60. The second flange member 54 acts 
as a mandrel for the forming of the contact portion 
48 therearound. The portions 48 are bent around 
the second lip 68 as shown and a generally U- 
shaped spring is thereby formed in each lead. To 
the extent that the first flange 52 cooperates with 
the second flange in the forming operation of the 
spring, the two flanges can be thought of as dies 
which cooperate with the tool member 70 for the 
forming operation. 

As shown in Figure 3, each spring has a first 
arm 72 which is adjacent to the first recess surface 
62, a second arm 74 which is adjacent to the 
second recess surface 64, and a bight portion 76. 
The second arm 74 of each spring is connected by 
a transition section 78 to the associated adjacent 
lead portion 46. The portion 80 of each lead which 
extends from ths mouth of its associated recess 
and over the first lip portion 66 serves as an 
aligning or locating portion in that it maintains the 
end portions 50 of tfie leads in coplanar relation- 
ship. 

After the forming tool is withdrawn, the formed 
springs will be as shown in Figures 1 and 3. The 
leads are severely bent by th forming tool when 
the U-shaped spring members are formed and 
when the forming tool is withdrawn, the individual 
leads tend to "spring back", that is they tend to 
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partially return to their original configuration. The 
phenomenon of spring back can be observed if one 
bends a piece of sheet metal through a 90 degree 
angle and then releases it. Depending upon the 

5 temper of the metal, the bent piece after release 
will move slightly back towards its original position 
so that the finished bent section of metal will not 
have a 90 degree bend. Ordinarily, this phenom- 
enon of spring back is regarded as a problem in 

w metal forming operations and must be taken into 
consideration when a stamped and formed metal 
part is designed. In fact, the very reason for provid- 
ing the retention means 84, is for the spring back 
of the 46 which lies adjacent to the rear side waJI 

is 24, as it tends to return to its original horizontal 
position. 

In the practice of the instant invention, how- 
ever, the spring back phenomenon works to the 
advantage of the finished product in that the end 

20 portion 50 of each lead 12 is resiliency biased 
against the first lip portion 66, the locating portion, 
of the associated recess 60. The housing itself is of 
molded plastic material and is, for that reason, 
precisely dimensioned. It follows that since the 

25 aligning or locating portions of the leads are biased 
against the first lip portions, and the first lip por- 
tions are precisely aligned with each other, the end 
portions 50 of the lead and the contact portions 
thereof will be held in precise coplanar relationship. 

30 It will be apparent from Figure 1 that the con- 

tact portions 14 are below the mounting surface 22 
of the housing. By virtue of this feature, the end 
portions of the leads will be flexed upwardly, as 
viewed in Figure 1 , when the connector is mounted 

os on the circuit board surface 4. The contact portions 
will, as a result, be resiliently biased against the 
terminal pads; and sufficient and uniform electrical 
contact between the contact portions 14 and the 
terminal pads 1 0, will be assured. 

40 Furthermore, the terminals are fixedly arranged 

within the channels due to the side edges of the 
terminals in an engaging manner with the surfaces 
104 and 106. The terminals are fixed at two points 
along their length, that is, between the two surfaces 

45 104, and between the two surfaces 106. This as- 
sures that the long beam length of the terminals, 
due to the intermediate spring, is sufficiently sup- 
ported and aligned, relative to the lateral dimen- 
sion. Furthermore, the beam portion 80 is at an 

so acute angle relative to a height of the surface 106, 
assuring that a long span of terminal is aligned and 
straightened by the constriction formed by the two 
facing surfaces 106 (Figure 9A). All of the above 
features cooperate to assure that the contact por- 

55 tions 14 which extend rearwardly, and which are 
spaced from, the rear side wall 24 of the housing 
are precisely aligned and spaced laterally for pre- 
cise location with the terminal pads 10 on the 

4 
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printed circuit board. 

As discussed above, a retention barb 84 is 
provided as shown on the second arm 74 of each 
spring member, and during formation of the spring 
member, the leg portion 74 swings on arcuate path 
around the lip 68 of the second flange portion 
thereby causing the barb 84 to skive an arcuate 
path 86 toward the second side surface 64 of the 
flange 54. Said differently, when the forming tool is 
projected into the channels to force the individual 
terminals into individual recesses 60, the barbs 84 
are swung through an arcuate path 86 which skives 
the recessed surfaces 108 of the walls TOO. As 
mentioned above, when the forming tool seats the 
terminals within the recesses 60, each formed ter- 
minal includes a U-shaped spring, formed by the 
terminal portions 72, 74 and 76. 

It should be appreciated that metal spring back 
works to an advantage once again. As the spring is 
positioned between the two flanges 52 and 54, and 
as the leg portion 72 of the spring is resiliency 
biased against the lip 66 of the flange 52, an 
upward reaction force is placed upon the leg 72, 
which carries through to leg portion 74. This results 
in the retention barb being forced upwardly further 
towards the second recess surface 64. Advanta- 
geously, this spring force always forces the barb 
deeper into unskived material, as the barb is force 
further in its arcuate path, rather than attempting to 
retreat through its original footprint. The same is 
true when the connector is placed upon the board, 
as the reaction force against the contact portion 14 
will be upward, and will attempt to further seat the 
barb 84 within the plastic. 

As mentioned above, the second lip portion 68 
is used as a mandrel for the forming of the arcuate 
path of the terminal portion 74. The upper corner 
57 of the housing is used as a mandrel for the 
forming of the terminal portion 46, which, as it 
should be noted, is of a larger radius than the 
forming radius of terminal portion 74. To unseat the 
terminal from the housing at the rear side, would 
require that the terminal portion 46 return through 
its original swing path. This would require the barbs 
84 to skive through the surfaces 108 of the walls 
100. What is important to note, is that the barbs 
would have to skive through plastic material which 
has not yet been cut. 

As can be appreciated to one knowledgeable in 
the area of retention features such as barbs skiving 
into plastic, the removal of the terminal from the 
housing rear side wall 24 would not just require 
that the barbs skive through uncut plastic. Rather, 
as the barbs 84 skive through the plastic material 
on its original arc, the plastic material flows, or 
parts, to form somewhat of a channel. Thus, if the 
barbs were to be unseated from the rear side wall 
24 of the housing the barb 84 would also have to 



cut through, or ride over, the plastic material which 
flowed to form the skived channel. Furthermore, 
since the removal of the terminal would require the 
terminal portion to swing through its original path or 

5 arc, the barbs would have to swing through the 
raised surface 104. 

Figure 9B shows an alternate housing where 
the walls have surfaces 104' which extend lower 
into the housing such that when the barbs are 

70 swung in, the barbs skive into the raised surface 
104'. 

Figure 8 shows an alternative embodiment in 
which the first lip, against which the first arm is 
biased, comprises an inclined surface 88 rather 

75 than a sharp edge. Under some circumstances, this 
alternative may be preferable. 

It shoud be appreciated that the instant inven- 
tion is not limited for use with surface mount ap- 
plications. For example, the lead section could be 

20 for use with through hole type terminals, the lead 
section includes sheared portions flanking the lead 
section which extends downwardly towards the 
board. The sheared sections would include barbs 
on their outer edges. When the terminal is to be 

25 retained to the housing the sheared sections, not 
the entire lead section, is forced into the channels 
through an arcuate path similar to th eabove de- 
scribed. The lead section is maintained in a sub- 
stantially vertical section for through hole mounting. 

30 

Claims 

1. An electrical connector for printed circuit 
35 board mounting, comprising an insulative housing 

comprising a mating face, a mounting face and a 
rear side wall, and a plurality of electrical terminals 
including a mating portion, an intermediate portion 
and a conductor connecting portion, where the 
40 intermediate portion is disposed proximate to the 
rear side wall, the conductor connecting portion 
comprising at least one barb portion for retention in 
the housing, the connector being characterized in 
that: 

45 a plurality of channels are integrally formed with 
the housing along the rear side wall proximate to 
the mounting face, the conductor connecting por- 
tions being disposed within the channel in retention 
with surfaces of the channels, the terminal portions 

so carrying the barb portions being disposed within 
the channel a distance beyond the vertical axis 
formed by the intermediate portion. 

2. The electrical connector of claim 1 char- 
acterized in that: 

55 the lead portions of the terminals are arranged for 
engagement with circuit pads on the same surface 
as the surface to which the connector is mounted; 
and in that 
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the retaining means is formed by the terminals 
including integral spring portions, and the terminals 
further including retention portions which cooperate 
with the insulative housing, the spring portions 
biasing the retention portions into further retentive s 
condition. 

3. The connector of claim 2 characterized in 
that the insulative housing includes first flange 
which extends from the housing, the spring por- 
tions being disposed adjacent to and in resilient io 
contact with, the flange. 

4. The connector of claim 3 characterized in 
that the insulative housing includes a second flange 
which is spaced from the first said flange. 

5. The connector of claim 4 characterized in 75 
that the spring portion is substantially U-shaped 
having a first and second leg being interconnected 

by a bight portion the first leg adjacent to the first 
flange and the second leg being disposed adjacent 
to the second flange. 20 

6. In the connector of any of claims 1-5 a 
method of retaining the terminals to the rear side 
wall comprises the steps of: 

providing a plurality of channels on the rear side 
wall of the connector; 25 
providing at least one retention barb on the Inter- 
mediate portions of the terminals; 
bending the terminal leads over a first mandrel to 
dispose the leads to a position adjacent to their 
respective channels; and 30 
moving the portion of the leads carrying the barb 
into the channel where the barbs interferingly retain 
the lead means to the housing. 

7. The method of claim 6 wherein the leads are 
provided with a lead section having barbs on both 35 
side edges of the housing. 

8. The method of claim 7 wherein the entire 
lead portion carrying the barb is bent into the 
channel. 

9. The method of claim 6 wherein the first 40 
mandrel is provided as an integral portion of the 
housing. 

10. The method of any of claims 6-8 wherein a 
second mandrel is formed by a flange which ex- 
tends from a rear wall of the housing, and the 45 
moving step comprises swing the lead section car- 
rying the barb about the mandrel, such that the 
barb strikes an arcuate path in surfaces of the 
channel. 



55 
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